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We anew explain the meaning of negative energies in the relativistic theory. On the basis we
present two new conjectures. According to the conjectures, particles have two sorts of existing
forms which are symmetric. From this we present a new Lagrangian density and a new quantization
method for QED. That the energy of the vacuum state is equal to zero is naturally obtained. From
this we can easily determine the cosmological constant according to experiments, and it is possible
to correct nonperturbational methods which depend on the energy of the ground state in quantum
field theory.
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I. INTRODUCTION
There are the following four problems to satisfactorily solve in the given quantum field theory (QFT).
1. The issue of the cosmological constant.
2. The problem of divergence of Feynman integrals with loop diagrams.
3. The problem of the origin of asymmetry in the electroweak unified theory.
4.The problem of triviality of ϕ4−theory.
In the given QFT, before anew defining a Hamilton H as a normal-ordered product, the the energy E0 of the
vacuum state is divergent. Because we may arbitrarily choose the zero point of energy in quantum field theory, we
can redefine E0 to be zero. But in the theory of gravitation, because energy = gravitation mass = inertial mass, E0
causes the issue of cosmological constant.
Divergence of Feynman integrals with loop diagrams seems to have been solved by introducing such concept as the
bare mass and the bare charge. Both bare mass and charge are divergent and unmeasured. Thus quantum field
theory is still not perfect. In order to overcome the shortcomings, people have tried many methods. For example,
G. Scharf attempted to solve the difficulty by the causal approach [1]. Feynman integrals with loop diagrams do not
divergent in the supersymmetry theory. But the supersymmetry theory lacks experiment foundations. In fact, there
should be no divergence and all physical quantities should be measurable in a consistent theory.
According to given generalized electroweak unified models, asymmetry is caused by symmetry spontaneously break-
ing. In the models there must be many unknown particles with a massive mass. Such a model is troublesome and
causes many new problems. Hence the origin of asymmetry in the electroweak unified theory should still be explored.
We will know that the present theory gives a possible solution for the problem in which there is no unknown particles
with a massive mass (see the third part).
We think the methods introducing normal ordering and compensating fields are only an expedient method, since
they lack physical basis. The relativistic theory is very perfect. Existence of negative energies is an essential character
of the relativistic theory. Any existence must depend on its existing conditions. As an ancient Chinese philosopher
said, nothing in nothing is just some existence; existence in existence is just some nothing. From this, we anew explain
a negative energy as the energy of the ground state of a system, and will see that not only is there no longer the
negative- energy difficulty, but also a particle should have two sorts of existing forms. On the basis, we reconstruct
QFT and give the solutions for the four problems above
Let a state | Ei,ai, Ni〉 be determined by the quantum number ai, the energy Ei and the particle number Ni,the
states of a physical system be | Ei,ai, Ni〉, i = n · · · 1, 0, and En > · · · > E1 > E0 . The state with the lowest energy is
known as the ground state of the system, a state with Ei > E0 is known as an excited state. We present the following
conjectures for a measurable energy E.
[1] Any measurable energy E of a physical system must be a difference between two energies Ei and Ej belonging respectively
to two states | Ei,ai, Ni > and | Ej,aj , Nj >, i.e.,
1
E = Ei − Ej , (1.1)
where Ei > Ej , | Ej,aj , Nj > is such a state into which | Ei,ai, Ni > can transit by release of the energy E.
When Ej = E0, the measurable energy E is called the energy of the system. It is easily seen from the conjecture
1 that in order to determine the energy of a system we must determine an excited state and the ground state of the
system. Only considering the conjecture 1, we cannot determine E0. It is possible that E0 = 0 or E0 < 0 . E0 is
different from the measurable energy of the ground state which is equal to zero. But considering the general relativity,
we can determine E0. According to the general relativity
mg0 = mi0 = E0, (1.2)
where mg0 and mi0 are the gravitational mass and the inertial mass corresponding to E0, respectively. If E0 6= 0, E0
will cause a gravitational effect. Thus we can measure E0 by the gravitational effect (let the cosmological constant be
given). On the other hand , E0 is not a difference between two different energies Ei and Ej belonging respectively to
two states | Ei,ai, Ni > and | Ej,aj , Nj >, i.e., E0 is not a measurable energy. Thus contradiction appears. Hence the
energy of the vacuum state must be zero for a consistent theory. In the following discussion we do not consider the
general relativity for the time being. It is seen from conjecture 1 that only measurable energies are conservational.
The conjecture 1 can be generalized to another measurable- additive- conservational physical quantity, e.g., charge.
A measurable- additive- conservational physical quantity in the vacuum state is equal to zero.
If we regard the negative energy as the energy of the ground state of a system, the so-called negative energy
difficulty will no longer exist and the energy of the system will be positive definite. On the other hand, because an
excited state and the ground state together determine a measurable energy of a system, that the excited state changes
and the ground state does not change is equivalent to that the excited state does not change and the ground state
changes. Thus an energy E of a system has two sorts of existing forms. For a free particle system we have
E1 =
√
















Corresponding to this, a particle must have two sorts of existing forms as well. Hence it is necessary to describe a
change of the world in L = LF + LW, here LF describes change of one existence form, and LW describes change of
the other. We will explain L in detail below. On the basis, we present the second conjecture.
[1] A particle can exist in two sorts of forms, but cannot exist in the two sorts of forms simultaneously. The two exising forms
of a particles are symmetric, and can transform from one to the other. When the vacuum is solely determined, a real particle
exists in only one form (virtual particles exist still in the two forms).
We take an electron for example to illuminate the two conjectures. The Lagrangian density and the Dirac equation




(γ∂ +m)ψ′′ = 0 (1.4)












where aps is the annihilation operator of an electron with a positive energy, and b
+
ps is the creation operator of an















a+psaps − b+psbps + 1
)
e (1.7)
respectively. Both energy E ′′0 and charge q
′′
0 of the vacuum state are divergent,
E′′0 = 〈0 | H ′′F | 0〉 = −∞, (1.8)
q′′0 = 〈0 | Q′′F | 0〉 = ∞ · e. (1.9)
The vacuum state is such a state in which there is no particle, but its energy is divergent, this is too hard to understand
and causes the issue of cosmological constant.














where aps and bps satisfy the given anticommuting relation. We will see that aps is an annihilation operator of an
electron with the positive energy E+P and bps is an annihilation operator of an electron with the negative energy E
−
P .





















From (1.11) and (1.12) we have
E′0 = 〈0 | H
′
F | 0〉 = q
′
0 = 〈0 | Q
′
F | 0〉 = 0, (1.13)
E
′
(bps) = 〈bps | H
′
F | bps〉 = −ωp ≡ E−p , (1.14)
q
′
(bps) = 〈bps | Q
′
F | bps〉 = e ≡ e−, (1.15)
E
′
(aps) = 〈aps | H
′
F | aps〉 = ωp ≡ E+p , (1.16)
q
′
(aps) = 〈aps | Q
′
F | aps〉 = e, (1.17)
where | bps〉 ≡| E−p , e−, 1〉 and | aps〉 ≡| E+p , e−, 1〉.
From (1.13) and (1.14) we see that when there is the state | bps〉, | 0〉 is no longer the ground state of an electron
system (e−−system). Let | Emin〉 be the ground state of a system and | Ee〉 be an excited state of the system.
According to the conjecture 1 the energy and the charge of the system are
E′ = 〈Ee | H
′
F | Ee〉 − 〈Emin | H
′
F | Emin〉 = Ee −Emin, (1.18)
q′ = 〈Ee | Q
′
F | Ee〉 − 〈Emin | Q
′
F | Emin〉 = qe − qmin, (1.19)
respectively. Let | Emin〉 =| EB〉 | EC〉 and | Ee〉 =| EA〉 | EC〉, we have
3
f ′ = 〈EA | 〈EC | F ′ | EC〉 | EA〉 − 〈EB | 〈EC | F ′ | EC〉 | EB〉
= 〈EA | F ′ | EA〉 − 〈EB | F ′ | EB〉







F , f = E or q. (1.20) implies that we always have that
| Ee〉∩ | Emin〉 = 0 (1.21)
It is obvious that | Emin〉 must be composed of | E−p , e−, 1〉 and | 0〉. When | Emin〉 = | E−p , e−, 1〉, we ask what is the
corresponding excited state in which there is not | E−p , e−, 1〉? The excited state must contain such a state which is
determined by the quantum numbers E−p and e
− and is not occupied (i.e., its particle number N = 0). We denote
the state by | E−p , e−, 0〉. This is because if there is not | E−p , e−, 0〉, it is impossible that | E−p , e−, 1〉 appears. Let the
excited state corresponding to | E−p , e−, 1〉 be composed of only | E−p , e−, 0〉, we have
E′ = 〈E−p , e−, 0 | H
′
F | E−p , e−, 0〉 − 〈E−p , e−, 1 | H
′
F | E−p , e−, 1〉
= E−p · 0−E−p · 1 = E+p ,
q′ = 〈E−p , e−, 0 | Q
′
F | E−p , e−, 0〉 − 〈E−p , e−, 1 | Q
′
F | E−p , e−, 1〉
= e− · 0− e− · 1 = −e ≡ e+.
As seen, the existence of | E−p , e−, 0〉 implies that the e−−system possesses the energy E+p and the charge e+. Hence
the existence of | E−p , e−, 0〉 is not unconditional. The existing condition of | E−p , e−, 0〉 is that the system possesses
the energy E+p and the charge e
+ and there is no | E−p , e−, 1〉 in the excited state corresponding to | E−p , e−, 1〉. The
energy E+p and the charge e
+ are just the quantum numbers of a positron. Thus we should regard | E−p , e−, 0〉 as one
sort of existing forms of a positron.
| E−p , e−, 0〉 is different from | E+p , e−, 0〉 in essence. In contrast with | E−p , e−, 0〉 , when | E+p , e−, 0〉 exists, | 0〉
is still the ground state. That | E+p , e−, 0〉 transits into | E+p , e−, 1〉 must absorb the energy E+p . The existence of
| E+p , e−, 0〉 does not imply that the system possesses any energy. Hence existence of | E+p , e−, 0〉 is unconditional,
i.e., when | E+p , e−, 1〉 does not exist, | E+p , e−, 0〉 must exist.
It is worth notice that such a state as | 0〉 or | E+p′ , e−, 1〉 is not an excited state corresponding to the ground state
| E−p , e−, 1〉, since when | E−p , e−, 0〉 does not exist, | E−p , e−, 1〉 cannot appear, thus | 0〉 or | E+p′ , e−, 1〉 can not transit
into | E−p , e−, 1〉 by release of an energy. In fact, | E−p , e−, 0〉 is the ample and necessary condition of existence of
| E−p , e−, 1〉.
How does | E−p , e−, 0〉 transit into the ground state | E−p , e−, 1〉 ? Considering conservation of an energy and a
charge, from (1.22) and (1.23) we suppose that there is the following transformation
| E−p , e−, 0〉 | E−p , e−, 1〉 | E+p , e+, 1〉. (1.24)
Where | E+p′ , e+, 1〉 denotes the state of a positron with the energy E+p and the charge e+. It is easily seen from (1.11)
that the state | E+p , e+, 1〉 is not the eigenstate of HF , and E+p and e+ can not be obtained by HF and | E+p , e+, 1〉.
Hence we must correct the Lagrangian density. In fact, only equations of motion are insufficient for a relativistic
system. A complete Lagangian density is very necessary in order to determine the complete properties of a system.
Supposing electrons and positrons are symmetric, we correct LF into L,
L = LF + LW (1.25)
LW = ψ′(γ∂ +m)ψ′ (1.26)








































By the discussion analogous to | E−p , e−, 0〉 and | E−p , e−, 1〉 we can obtain the results similar to (1.22)- (1.24). The
existence of | E−p , e+, 0〉 is not unconditional. The existing condition of | E−p , e+, 0〉 is that the e+−system possesses
the energy E+p and the charge e
− and there is no | E−p , e+, 1〉 in an excited state corresponding to the ground state
| E−p , e+, 1〉. The energy E+p and the charge e− are just the the quantum numbers of an electron. Thus, we should
regard | E−p , e+, 0〉 as one new sort of existing forms of an electron, and there is the following transformation
| E−p , e+, 0〉 | E−p , e+, 1〉 | E+p , e−, 1〉. (1.33)
From the above mentioned we see that | E−p , e+, 0〉 is the ample and necessary condition of the existence of | E−p , e+, 1〉.
Considering
| bps〉 ≡| E+p , e+, 1〉, | aps〉 ≡| E−p , e+, 1〉, (1.34)
H ′F | E±p , e+, 1〉 = H ′W | E±p , e−, 1〉
= Q′F | E±p , e+, 1〉 = Q′W | E±p , e−, 1〉 = 0,
H ′W | E±p , e+, 1〉 = E±p | E±p , e+, 1〉, (1.36)
Q′W | E±p , e+, 1〉 = e+ | E±p , e+, 1〉, (1.37)
we have
〈E+p , e+, 1 | 〈E−p , e−, 1 | H
′ | E−p , e−, 1〉 | E+p , e+, 1〉
−〈E−p , e−, 1 | H
′ | E−p , e−, 1〉
= E+p +E
−
p −E−p = 0−E−p = E+p − 0
= 〈E+p , e+, 0 | H
′ | E+p , e+, 0〉 − 〈E−p , e−, 1 | H
′ | E−p , e−, 1〉
= 〈E+p , e+, 1 | H
′ | E+p , e+, 1〉 − 〈0 | H
′ | 0〉,
〈E+p , e+, 1 | 〈E−p , e−, 1 | Q′ | E−p , e−, 1〉 | E+p , e+, 1〉
−〈E−p , e−, 1 | Q′ | E−p , e−, 1〉
= e+ + e− − e− = 0− e− = e+ − 0
= 〈E+p , e+, 0 | Q′ | E+p , e+, 0〉 − 〈E−p , e−, 1 | Q′ | E−p , e−, 1〉
= 〈E+p , e+, 1 | Q′ | E+p , e+, 1〉 − 〈0 | Q′ | 0〉.
From (1.34), (1.36) and (1.37) we see that bpsand b
+
psare annihilation and creation operators of a position with a
positive energy, apsand a
+
psare annihilation and creation operators of a position with a negative energy. Taking
| E−p , e−, 1〉 as the ground state of the e+−system, from (1.38) and (1.39) we can regard | E−p , e−, 0〉 and | E−p , e−, 1〉 |
E+p , e
+, 1〉 as two different sorts of existing forms of a positron.
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From (1.29) and (1.31) we have
〈E+p , e−, 1 | H
′ | E+p , e−, 1〉 − 〈0 | H
′ | 0〉 = E+p
= 〈E+p , e−, 1 | 〈E−p , e+, 1 | H
′ | E−p , e+, 1〉 | E+p , e+, 1〉
−〈E−p , e+, 1 | H
′ | E−p , e+, 1〉
= 〈E−p , e+, 0 | H
′ | E−p , e+, 0〉 − 〈E−p , e+, 1 | H
′ | E−p , e+, 1〉,
〈E+p , e−, 1 | Q′ | E+p , e−, 1〉 − 〈0 | Q′ | 0〉 = e−
= 〈E+p , e−, 1 | 〈E−p , e+, 1 | Q′ | E−p , e+, 1〉 | E+p , e+, 1〉
−〈E−p , e+, 1 | Q′ | E−p , e+, 1〉
= 〈E−p , e+, 0 | Q′ | E−p , e+, 0〉 − 〈E−p , e+, 1 | Q′ | E−p , e+, 1〉.
Taking | E−p , e+, 1〉 as the ground state of the e+−system, from (1.33), (1.40) and (1.41) we can regard | E−p , e+, 0〉
and | E−p , e+, 1〉 | E+p , e−, 1〉 as two different sorts of existing forms of an elctron. Taking | E−p , e−, 1〉 as the ground
state of the e−−system, from (1.24), (1.38) and (1.39) we can regard | E−p , e−, 0〉 and | E−p , e−, 1〉 | E+p , e+, 1〉 as two
different sorts of existing forms of a positron.
It is easily seen from the discussion above that the ground state of an e− − e+−system is composed of all realistic




| E′−i , e−, 1〉
n∏
j=0
| E′−j , e+, 1〉 (1.42)




| E′−i , e−, 0〉
n∏
j=0














where | E′±0 , e±, 1〉 =| 0〉 . It is easily seen from (1.42) and (1.43) that electrons and positrons are completely
symmetric.























a+psaps − b+psbps + 1
)
e+ (1.46)








psbps − a+psaps − b+psbps
)
ωp (1.47)
















The states | bps〉 and | aps〉 are the negative energy eigenstates of the Hamilton H ′′. By the discussion similar to
above, from (1.47) and (1.48) we can obtain the same results as (1.24), (1.33), and (1.38)-(1.43). It can be seen from
(1.42)-(1.43) that when an excited state (e.g., | E−p , e−, 1〉 | E+p , e+, 1〉 or | E−p , e−, 0〉) exists, the ground state with
a negative energy (e.g.,| E−p , e−, 1〉) must exist, and vice versa; the energy of an excited state is positive difinite; and
when any excited state does not exist, the ground state of the system must be the vacuum state | 0〉 whose energy is
equal to zero.
Making a comparison among the discussion above and the relativistic guantum mechanics (RQM) or QFT is
meaningful. Assording to RQM the existence of | E−p , e−, 0〉 is unconditional. Thus, if an electron can not transit
into a negative-energy state, this is because the negative-energy state is occupied, while according to the discussion
above this is because the state | E−p , e−, 0〉 does not exist. According to QFT, there is no negative-energy state, but
the energy of the vacuum state is divergent.
Analogously to fermion fields, we can reconstruct a Lagrangian density of Bose fields LBF+LBW and an interaction
Lagrangian density LIF+LIW , where the energy expectation valves corresponding to LBF are positive and the energy
expectation valves corresponding to LBW are negative. thus we have
L = LF+LW (1.49)
LF = LfF+LBF + LIF (1.50)
LW = LFW+LBW + LIW (1.51)
LF and LW are independent of each other, i.e., the fields contained in LF and the fields contained in LW do not
interact on each other. LF and LW are completely symmetric. Thus we can only use LF or LW to determine the
energy or the charges and scattering amplitudes of an e− − e+ system as the given QFT.
Further, regarding | E−p , e±, 0〉 as one sort of existing forms of e∓ as | E+p , e∓, 1〉 and anew regarding | 0〉 as the
ground state of an e− − e+ system, we obtain the conjecture 2.
Since a particle has the two sorts of existing forms, we should make a new method to quantize fields. We define
transformation operators (see below) and quantize fields by the transformation operators replacing creation and
annihilation operators in the known QED. The quantization method is different from the known quantization methods
in essence. From this that the energy of the vacuum state is equal to zero is naturally obtained, and it is possible to
correct nonperturbational methods which depend on the energy of the ground state. We will see in the following paper
that in the new QED there is only one sort of parameters which is finite and measurable, there is no such parameter
as bare mass and bare charge, all Feynman integrals are convergent and it is unnecessary to introduce counterterms
and regularization. Generalizing the present theory to the electroweak unified theory, we will see a possible origin of
symmetry breaking.
The present theory contains three parts. The first part takes QED for example to illuminate the method to
reconstruct QFT, and give the solutions of the issue of the cosmological constant and the problem of divergent
Feynman integrals in QED.The part is composed of the present paper and the following two papers. The second part
discusses the problem of triviality of ϕ4−theory. The third part discusses the problem of the origin of asymmetry in
the electroweak unified theory.
Quantization for free fields will be discussed in the present paper. The outline of this paper is as follows. In section
2, we construct the Lagrangian density of free fields. In section 3, quantization for free fields is carried out. In section
4, we discuss the meanings of E0 = 0. Section 5 is conclusion.
II. LAGRANGIAN DENSITY AND EQUATIONS OF MOTION
We suppose the Lagrangian density for the free Dirac fields and the Maxwell fields to be
L0 = LF0 + LW0, (2.1)
LF0 = −ψ(x)(γµ∂µ +m)ψ(x) − 1
2
∂µAν∂µAν , (2.2)




(2.2) and (2.3) imply the Lorentz gauge to be already fixed . The difference between (2.1) and the corresponding
Lagrangian density in the given QED is LW0 which describes motion of particles existing in the other form. We call
ψ, Aµ, ψ and Aµ theF-electron field, the F-photron field, and the W-electron field, the W-photron field, respectively.

















From the Noether′s theorem, we have
H0 = HF0 +HW0, (2.8)
HF0 =
∫

















Aµ + ∂jAν∂jAν)], (2.10)











where j = 1, 2, 3, a repeated index implies summation over all values of the index. The Euler-Lagrange equations of














Aµ = 0, (2.17)
where
∧
H0= γ4 (γj∂j +m) . It is seen from (2.14)-(2.17) that although LF0 6= LW0, the equations satisfied by ψ and
Aµ are the same as those satisfied by ψ and Aµ, respectively. This implies that for some physical system, e.g., a
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relativistic physical system, only equations of motion are insufficient for corrective description of all properties of the
system. A complete Lagrangian density is very necessary.
When ψ, etc., are regarded as the classical fields and
∂µAµ = ∂µAµ = 0, (2.18)








−ipx, s = 1, 2, (2.19)
where px = px−Ept, Ep =
√















, e3k = − [k + η (kη)]  kη, η = (0, 0, 0, i) , e4k = iη, ε1,2k · k = 0.










III. QUANTIZATION FOR FREE FIELDS
We now regard ψ etc., as quantum fields. ψ, Aµ, ψ and Aµ as the solutions of the equations of the quantum fields
(2.14)− (2.17) can also be expanded in terms of the complete sets (2.19) and (2.20) , respectively, only the expanding



















































| aps 1 〈aps |
∫
dξu+pse






























− | bps〉 0 bps |
∫
dηu+pse

















(| ckλ 1 j(−k)eikx − jk 0 ckλ | e−ikx) , (3.8)
where ξ, η+, η and ξ+ are all Grassman numbers,
| ckλ 1=
{ | ckλ 1, λ = 1, 2, 3,
− | ckλ 1, λ = 4 , | ckλ 1=
{ | ckλ 1, λ = 1, 2, 3,
− | ckλ 1, λ = 4 (3.9)
We call such the operators as | aps〉 0 aps | and | ckλ 1 jk transformation operators. In the transformation operators
| α〉 and 〈α |are a state ket and a state bar, respectively, 0 α | is an operator acting on the ket space, and is known
as a K-operator, | α 1 is an operator acting on the bar space, and is known as a B-operator. | α〉 or 〈α | in a
transformation operator is invariant as time, 0 α | or | α 1 is variant as time. We call | aps〉, | bps〉 and | ckλ〉 a
F-electron , a F-positron and a F-photron state ket, respectively, | aps〉, | bps〉 and | ckλ〉 a W-electron, a W-positron
and a W-photron state ket, respectively. We can also name the state bars and the operators in similar method. We
call j
k
and jk a W-imaginary current and a F-imaginary current, respectively.
A. Properties and multiplication rules of the transformation operators.
In order to obtain expectant results , the transformation operators should have the following properties and observe
the following multiplication rules.
(1). Because a transformation operator is a whole, the order of its two parts cannot exchange, say, | bps 1 〈bps |
and | ckλ 1 j(−k)cannot be written as 〈bps || bps 1 and j(−k) | ckλ 1, respectively.
(2) . A transformation operator is composed of a state (or jk, etc.) and an operator. When a transformation
operator multiplies by other transformation operator, we define the product to be such an operator obtained after
achieving multiplication of the two states (or j
k
, etc.) or operation of a operator on a state. For example
| bp′s′〉 0 bp′s′ || bps 1 〈bps |=| bps 1 〈bps | · | bp′s′〉 0 bp′s′ |=| bps 10 bp′s′ | δpp′ δss′ , (3.11)
j
k
0 ckλ || ck′λ′ 1 j(−k′ ) =| ck′λ′ 1 j(−k′ ) · jk 0 ckλ |=| ck′λ′ 10 ckλ | δkk′ , (3.11)
| aps〉 0 aps || ap′s′〉 0 ap′s′ |= − | aps〉 | ap′s′〉 0 aps |0 ap′s′ |, (3.12)
j
k
0 ckλ | jk′ 0 ck′λ′ |= jk · jk′ 0 ck′λ′ |0 ckλ |= δk(−k′ ) 0 ck′λ′ |0 ckλ |, (3.13)
We call an operator with | α 1 or 6 α | a F-operator, and an operator with | α 1 or 6 α | a W-operator.
According to the definition above, a product of two F-operators (or two W-operators) is still a F-operators (or a
W-operators). It can be seen from the conjecture 2 and the Lagrangian density (2.1) that it is unnecessary to consider
multiplication of a F-operator with a W-operator. On the other hand, no matter how we define the multiplication, we
have 〈0 | H | 0〉 = 0 (see (4.1)), providing H is composed of transformation operators. As seen, after multiplication
of the states is completed, the order of the K- or B-operators is naturally determined.
(3) . We define inner products of the states, products of jk, etc., and commutation relations of the K- or B-operator
| aps 1, etc., as follows.










′ 〉 = δββ′ δpp′ δss′ , (3.14)







δγγ′ δkk′ δλλ′ , λ = 1, 2, 3,
−δγγ′δkk′ δλλ′ , λ = 4
(3.15)














= a, b, a, b and γ = c, c. Here | ckλ〉 and | ckλ〉 are a F-photron state and a W-photron ket, respectively.
| aps〉 0 aps || ap′s′〉 0 ap′s′ |= − | aps〉 | ap′s′〉 0 aps |0 ap′s′ |,
jkj(−k′ ) = jkj(−k′) = δkk
′ , jkjk′ = 0, (3.17)





































′ | 〈γkλ |, (3.19)


















′ | 〈βps |, (3.20)
{







= δββ′ δpp′ δss′ , (3.21)
{
























δγγ′δkk′ δλλ′ , λ = 1, 2, 3,
−δγγ′δkk′ δλλ′ , λ = 4
(3.23)










′ 1] = [0 γkλ |,0 βps |]
= [| γkλ 1, | βps 1] = [0 γkλ |, | βps 1] = [0 βps |, | γk λ 1] = 0,
[J, | α〉] = [J, 〈α |] = [J, | α 1] = [J,0 α |] = 0. (3.25)
where J = jk, jk, α = a, b, a, b, c, c. Let | 0〉 is the vacuum state , we have
〈0 | 0〉 = 1, (3.26)
〈0 | α〉 = 〈α | 0〉 = 〈0 | α 1=0 α | 0〉 = 0. (3.27)






′ 1= 〈0 | δββ′ δpp′ δss′ ,





′ 〉 =| 0〉δββ′ δpp′ δss′ , , (3.28)






{ | 0〉δγγ′δkk′ δλλ′ , λ = 1, 2, 3,







{ 〈0 | δγγ′δkk′ δλλ′ , λ = 1, 2, 3,
−〈0 | δγγ′δkk′ δλλ′ , λ = 4,
(3.29)





′ 〉 =0 γkλ | βps〉 = 〈γkλ | βps 1= 〈βps | γk λ 1= 0. (3.30)
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B. The energies, momenta and charges of particles.








































| ckλ 10 ckλ | − | ck4 10 ck4 |), (3.34)
From (3.31) and (3.32) we see that energies are positive-definite. It is obvious that the positive-definiteness of energies
is relative to definitions of operators. But from the conjecture (1) we always define appropriately operators, e.g., ψ+
and ψ+, such that energies are positive-definite.
The Lagrangian density (2.1) is invariant under the following phase transformation.
















s theorem we obtain the current density jµ and the conservational charge Q to be
jµ = i(ψ0γµψ0 − ψ0γµψ0), (3.37)








(− | bps 10 bps | + | aps 10 aps |) . (3.40)
It is easily seen from (3.31)− (3.354) , (3.39) and (3.40) that
〈σ | H0 | σ〉 = 〈σ | H0 | σ〉, (3.41)
〈σ | P | σ〉 = 〈σ | P | σ〉, (3.42)
〈σ | Q | σ〉 = 〈σ | Q | σ〉, (3.43)
where σ = aps, bps, ckλ.




























































where the double-dot notation : · · ·: is known as normal ordering. An operator product is in normal ordered form if
all B-operators as | α 1 stand to the left of all K-operators as 0 α | . In contrast with the given QED, (3.44)-(3.47)





























































































(| ckλ 1 eikx− 0 ckλ | e−ikx) , (3.55)
13
C. Subsidiary condition


























(0 ck3 | −i 0 ck4 |)e−ikx, (3.57)










)− | cp〉 = 0. (3.59)
| cp〉 and | cp〉 are known as F-physics state ket and W-physics state ket, respectively. From (3.56)− (3.59) we obtain





f (k) | cpk〉+ · · ·+
∑
k1···kn
f (k1 · · ·kn) | cpk1〉 · · · | cpkn〉+ · · ·
}
, (3.60)





f (k) | cpk〉+ · · ·+
∑
k1···kn
f (k1 · · ·kn) | cpk1〉 · · · | cpkn〉+ · · ·
}
, (3.61)
where | cT 〉 and | cT 〉 are states containing only transverse photrons, and
| cpk〉 =| ck3〉+ i | ck4〉, (3.62)
| cpk〉 =| ck3〉+ i | ck4〉, (3.63)
From (3.15), (3.29), (3.41), (3.42) and (3.60)-(3.63) we obtain
〈cpk | cpk′ 〉 = 〈cpk | cpk′ 〉 = 〈cpk | H0 | cpk′ 〉 = 〈cpk | H0 | cpk′ 〉 = 0, (3.64)
〈cp | cp′ 〉 = 〈cT | cT ′ 〉, 〈cp | cp′ 〉 = 〈cT | cT ′ 〉, (3.65)
〈cp | H0 | cp′ 〉 = 〈cT | H0 | cT ′ 〉, (3.66)
〈cp | H0 | cp′ 〉 = 〈cT | H0 | cT ′ 〉, (3.67)
D. Eigenstates of H0.
It is easily seen from (3.18) and (3.19) that there is at most only one particle in a fermion state denoted by ps,
and there may be many particles in a boson state denoted by kλ. Thus, a state in which there are n F-photrons or n
W-photrons can be represented by








From (3.14) and (3.30) we have
〈nkλ | nkλ〉 = 〈nkλ | nkλ〉 =
{
1, λ = 1, 2, 3
(−1)n , λ = 4 , (3.70)
0 ckλ | nkλ〉 =
{ √
n | (n− 1)kλ〉, λ = 1, 2, 3
−√n | (n− 1)kλ〉, λ = 4 , (3.71)
0 ckλ | nkλ〉 =
{ √
n | (n− 1)kλ〉, λ = 1, 2, 3
−√n | (n− 1)kλ〉, λ = 4 , (3.72)
E. The equations of motion


















= −i [A0µ, HF0] , ∂A˙0µ
∂t






= i[A˙0µ, HW0] = O
2A0µ. (3.76)
Since [H0,HF0] =[H0,HW0] = 0 , HF0 and HW0 are the constants of motion. Thus we haveA˙





(x,t) = e−iHW0t0 ψ0 (x,0) e
iHW0t, (3.78)
A0µ (x,t) = e
iHF0tA0µ (x,0) e
−iHF0t, (3.79)
A0µ (x,t) = e
−iHW0tA0µ (x,0) e
iHW0t, (3.80)
As seen the equations (3.73)− (3.76) are consistent with (2.14)− (2.17) , respectively.
IV. THE PHYSICAL MEANINGS OF THAT THE ENERGY OF THE VACUUM STATE IS EQUAL TO
ZERO.
From (2.8), (3.27), (3.31) and (3.32) we obtain that the energy of the vacuum state,
E0 = 〈0 | H0 | 0〉 = 0. (4.1)
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It is easily seen that (4.1) is not relative to the definition for multiplication of transformation operators. (4.1) holds
provided H0 is composed of transformation operators. The result is in contrast with the given QED. According to the
given QED, before redefining H0 as normal-ordered products E0 6= 0. After redefining H0 as normal-ordered products,
E0 = 0. But this only transfers the divergence difficulty of the energy of the ground state. Because we may arbitrarily
choose the zero point of energy in quantum field theory, we can redefine the ground-state energy to be zero. But in
the theory of gravitation, it is seen from (1.2) that if E0 6= 0, E0 will have gravitational effect. Hence we are not at
liberty to redefine E0 =0 . Thus the knotty problem of the cosmological constant arises in the given QFT and the
relativistic theory of gravitation[3]. In the present theory E0 = 0. Hence the density of the energy of the vacuum state
ρvac = 0. Thus, from the equation of gravitation field
Rµν − 1
2
gµνR − λgµν = −8piG (Tµν − ρvacgµν) ,
and observed values we can easily determine the cosmological constant λ. Of course, the Casimir effect should anew
be explained because of (4.1). This work is to be accomplished in another paper.
We second simply discuss the correction originating from E0 = 0 to a nonperturtational method in quantum field
theory.
When one evaluates the energy of a system by a nonperturtational method, e.g., a Hartree-type approximation[4],
it is necessary to subtract the zero-point energy E
[5]
0 . According to the given quantum field theory E0 6= 0, while
according to the present theory E0 = 0, hence we will obtain different results in nature.
We will discuss the two knotty problems above in detail in other papers.
V. CONCLUSIONS
We anew explain the meaning of negative energies in the relativistic theory. On the basis we have presented the two
new conjectures. According to the conjectures, there are the two sorts of existng forms of an energy and a particle
which are symmetric. From this we have presented a new Lagrangian density and a new quantization method for
QED. That the energy of the vacuum state is equal to zero is naturally obtained. From this the cosmological constant
is easily determined by experiments and it is possible to correct nonperturbational methods which depend on the
energy of the ground state in quantum field theory.
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